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(54) High-Radiance LED Chip and a Method for Producing Same 



(57) Abstract: The invention relates to a high-radiance LED chip ( 1) comprising a riuliatiun-emitting active region (32) and a win- 
dow layer (2). In order to increase the radiant yield, the cross- sectional surface of the radiation -emitting active region (32) is smaller 
than the cross-sectional surface of the window layer (2), which is made available for disengaging the light. The invention also relates 
ic a metrtod for producing a lens structure on tht 1 surface cf a light emitting comprrem. 
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Specification 

LED chip and process for its manufacture 

The invention relates to a LED [light emitting diode] chip 
as claimed in the preamble of claim 1 and a process for producing 
it. 

Semiconductor materials for LED chips in part have a 
refractive index of far above 3. The medium which borders the 
chip in conventional LED components, usually air or plastic, has 

a much lower refractive index. The significant, sudden change 
which is associated with it in the refractive index on the 
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interface between the LED chip and the bordering medium leads to 
a comparatively small boundary angle of total reflection so that 
most of the electromagnetic radiation which is produced in the 
active area of the chip is reflected back from this interface 
into the chip. 

For this reason, only a very small portion of the radiation 
which is produced in the active zone is decoupled directly cut of 
the chip. In conventional LED chips a decoupling portion of only 
a few percent is computed per fiat decoupling surface. 

US 5,233,204 proposes, for improving the light decoupling 
from LED chips, a thick transparent layer which is applied 
epitaxiaily in addition to the light -producing layers and which 
is designed to increase the light decoupling portion through the 
front of the chip. 

Furthermore, the use of highly refractive transparent 
casting compounds is known, but they have not become popular for 
cost reasons, among others. In addition, the best casting 
compounds available to date have a refractive index of at most 
n=1.6; this results in an overly dramatic, sudden change on the 
decoupling surface of the light -emitting semiconductor component 
and thus high reflection losses. Furthermore, the highly 
transparent casting compounds have undesirable chemical and 
mechanical properties; this likewise limits large-scale technical 
use . 

The object of the invention is to make available a LED chip 
in which the ratio of generated to decoupled radiation is 
improved compared to conventional chips, and which can be 
installed in conventional LED housing designs. At the same time 
a process for its manufacture will be devised which compared to 
conventional methods for producing LED chips requires only little 
additional technical complexity. 

This object is achieved by a LED chip with the features of 
claim 1 and by a process with the features of claim 22. 

Advantageous developments of the LED chip and of the process 
are the subject matter of dependent claims 2 to 21 and 23 to 25. 

With the invention, the radiation yield in a LED chip is 
increased by narrowing the light -emitting region to an area which 
is smaller than the cross sectional area of the LED chip. 
Compared to the usual execution of the light -emitting surface 
over the entire cross section of the LED chip an increase of 
decoupling by more than 30% is even possible. 

As claimed in the invention there is a LED chip with a 
radiation-emitting active area with a lateral cross sectional 
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area F L and a radiation-transparent window layer downstream of 
the radiation-emitting active area in the emission direction, 
with a refractive index n s which has a lateral cross sectional 
area F c for light decoupling and which has a decoupling surface 
which borders a medium with a refractive index n : .;, the cross 
sectional area F L of the radiation-emitting active area being 
smaller than the cross sectional area F c of the decoupling 
surface so that the relation 



is satisfied. The cross sectional area F c relates to the regions 
of the window layer which are intended for light decoupling or 
which are available for light decoupling. Here a window layer is 
defined as both an individual layer and also a multilayer 
structure which overall performs the function of a window layer. 

According to one especially preferred embodiment of the 
invention, it is provided that the light emission limitation 
means is made such that the current flow within the LED chip, 
especially into and/or through the active layer, is limited to 
the light -emitting area. In this way the emission of light as 
claimed in the invention can be limited especially easily to a 
smaller region. 

In one embodiment of the invention it is provided that for 
the thickness H of the window layer the following applies: 



C being the lateral cross sectional length of the window layer 
or the effective reflex surface, n s being the refractive index of 
the material of the active layer or the window layer and n M being 
the refractive index of the material bordering the window layer. 

The advantage which has been achieved hereby is a further 
increase of the decoupled amount of light. 



Here and below the lateral cross sectional length is defined 
as the characteristic extension of the corresponding cross 
sectional area. For a square surface for example this is the 
length of one side, for a circular surface the diameter. In a 
different surface shape the lateral cross sectional length can be 
a value which lies between the maximum and minimum diameter which 
runs through the center of mass of the surface. 

Preferably the following applies to the thickness H of the 
window layer bordering the active layer. 
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H = 



C being the lateral cross sectional length of the window layer, D 
being the lateral cross sectional length of the light-emitting 
region of the active layer, n 3 being the refractive index of the 
window layer to be transilluminated and n>i being the refractive 
index of the material bordering the window layer. Up to this 
level total reflection on the lateral surfaces of the window 
layer is largely avoided so that decoupling of the generated 
radiation through the lateral surfaces is possible. 

According to another preferred embodiment of the invention 
the light-emitting region consists of several component luminous 
regions (33 to 35) of the active layer (3) which are located at a 
regular interval to one another, the following applying to the 
entire area F L of the component luminous areas: 



F c being the cross sectional area or the basic area of the window 
layer and thus the effective reflex surface, F L i being the areas 
of the individual component luminous areas, n s being the 
refractive index of the active layer or the window layer and n M 
being the refractive index of the material bordering the window 
layer. In this way light decoupling from the LED chip is 
optimized in a likewise advantageous manner, as in a central 
light -emitting region. Accordingly the following applies to the 
thickness H of the window layer: 



A being the regular interval of the individual component luminous 
areas and p being a factor which can be chosen between 0 . 5 and 5 . 

Advantageously there is an optical means which concentrates 
the light emerging from the LED chip and which is made on the 
surface of the window layer. In this way the shape of the 
emerging light beam can be determined and decoupling can be 
further increased by suitable choice of material and shape. 

One preferred embodiment of the invention calls for the 
optical means to be formed by one or more, preferably spherical 
lens(es) with a center point which lies over the center of mass 




H = p * A 
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of the light-emitting region or over the center of mass of the 
individual component luminous areas . 

One likewise preferred embodiment of the invention calls for 
the optical means to be made by one or more Fresnel lens (es) with 
a center point lying over the center of mass of the light- 
emitting region or over the center of mass of the individual 
component luminous areas . 

Preferably the optical means is placed or molded on the 
surface of the window layer cr is formed or shaped out of the 
window layer. 

In another embodiment of the invention the light emission 
limitation means is formed by a limitation of the active layer, 
the luminous capacity of the active layer being limited to the 
light -emitting region. 

One advantageous embodiment of the invention is that the 
light emission limitation means is formed by an insulation layer 
which consists of a material which is of limited translucency 
and/or which is at least partially opaque to the emission light 
of the active layer and which is formed on or at the active 
layer. In this way the active layer, as was conventional in the 
past, can run as a continuous layer in a wafer which still 
contains several individual light -emitting semiconductor 
components . 

Another advantageous embodiment of the invention calls for 
the light emission limitation means to be formed by an insulation 
layer which is made on or at the active layer and between the 
active layer and the power supply and which minimizes the power 
supply and current flow to or through the active layer in regions 
outside of the light-emitting region. Here the active layer can 
also run as a continuous layer in a wafer which still contains 
several individual light -emitting semiconductor components. 

Advantageously the insulating layer consists of a 
nonconductive oxide layer which is applied on the side of the 
window layer opposite the effective reflex surface. In this way 
the power supply can be masked in an especially simple and 
economical manner. Advantageously the oxide layer is produced by 
oxidation of the already existing material. 

Likewise, the light emission limitation means is 
advantageously formed by the configuration of the power supply 
such that the power supply is in electrically conductive contact 
with the active layer only in contact areas. 

According to one preferred embodiment of the invention a 
second power supply is formed by the electrical contact which 
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does not completely cover it on the effective reflex surface or 
on the optical. Conventionally a bond wire for making contact 
can be attached to it. 

A second power supply is likewise advantageously formed by 
an electrical contact which is connected to the window layer 
between the active layer and the effective reflex surface. 

In another embodiment of the invention a second power supply 
is formed by an electrical contact connected to the active layer. 

Advantageously the power supplies and/or the insulating 
layer are reflective for the emitted light. In this way the 
radiant efficiency is further increased by preventing losses. 

Advantageously the reflection means for the emitted light is 
formed on the side of the active layer which faces away from the 
effective reflex surface in or on the window layer or the active 
layer. This in turn increases the radiant efficiency further by 
preventing losses. Accordingly the reflection means is a Bragg 
grating. 

In another embodiment of the invention the window layer 
and/or the optical means is at least partially provided with a 
jacket which is transparent to the emission light. In this way 
the light -emitting semiconductor component is protected against 
ambient effects. An external shape which corresponds to many 
applications is thus enabled. 

The process as claimed in the invention for producing a lens 
structure on the surface of the LED chip calls for the lens 
structure to be shaped on the outside surface of the light - 
emitting component intended for light exit and passage by means 
of a cutting tool or etching process from the light-emitting 
component into the outside surface. 

Another preferred process step calls for a spherical lens or 
a Fresnel lens to be produced as the lens structure. 

One especially advantageous process step calls for the lens 
structure to be produced simultaneously with separation by means 
of a suitably shaped device for separating the light -emitting 
components still in the wafer array when they are separated. 

Other advantages, particulars and feasible developments of 
the invention follow from the dependent claims. 

The invention is explained below using the drawings. In 
particular 

Figure 1 shows a schematic cross section of one preferred 
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embodiment of the light -emitting semiconductor diode as claimed 
in the invention with a light-emitting area of the active layer; 



Figure la shows a schematic cross section of the embodiment 
from Figure 1, looking in direction X; 

Figure 2 shows a schematic cross section of another^ 
preferred embodiment of the light -emitting semiconductor diode as 
claimed in the invention with a Fresnel lens structure; 

Figure 3 shows a schematic cross section of another 
preferred embodiment of the light -emitting semiconductor diode as 
claimed in the invention with a Fresnel lens structure; 

Figure 4 shows a schematic cross section of another 
preferred embodiment of the light -emitting semiconductor diode as 
claimed in the invention with several emitting component luminous 
areas and a multiple lens structure; and 

Figure 5 shows a schematic cross section through a wafer 
with light -emitting semiconductor components which are still to 
be separated and which have already been separated and a saw 
blade which is used for this purpose. 

In the following Figures 1 to 5 the same reference numbers 
label the same or identically working components. 

Figure 1 shows a LED chip 1 as claimed in the invention in 
cross section. The semiconductor component here is composed of a 
window layer 2 which is radiation- transparent to the emission 
light, an active layer 3 which emits the light, an optical means 
for shaping the exit light beam in the form of a lens 41, an 
insulating layer 5 as the light emission limitation means and a 
first power supply 71 and a second power supply 6. The window 
layer 2 is used here moreover as the substrate of the LED chip 1 . 

The light-emitting region 32 of the active layer 3 is 
limited in its size and shape and defined by the masking of the 
insulating layer 5. The shape of the electrical insulation 
enables contact of the power supply 6 which is formed flat on the 
bottom of the light -emitting semiconductor component 1 opposite 
the effective reflex surface at the locations with the chip or 
with the active layer, above which the light-emitting region 32 
is located. In the example an oxide layer is used as the 
material of the insulation layer. The power supply 6 can be 
formed by a metal which has been applied flat over the insulating 
layer 5. No current flows through the regions 31 of the active 
layer 3 which are not intended for emission, by which light 
emission does not take place in these regions. The second power 
supply takes place by the first power supply 71 which is made on 
the electrically conductive lens 41 in the form of an electrical 
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contact ("pad") and on which a bond wire can be attached in the 
conventional manner . 

The emission light from the light-emitting region 32 of the 
active layer 3 with a total area F L which meets the 
aforementioned condition 



penetrates through the window layer 2 with the refractive index 
n g and thickness H, the following applying; 



The emission light is coupled into the lens body 41 on the 
effective reflex surface 8 and the exit light beam is formed 
according to the shape of the lens . 

For the thickness of the window layer, for example for a 
chip with a side length C = 300 microns with n s /n M = 3.5 in the 
optimum case D = 100 microns and H = 30 microns. Or according to 
the following condition 



H = 500 microns; this represents the maximum allowed value. 

Here advantageously the refractive index of the window layer 
2 and of the material of the lens body 41 is as similar a 
possible in order to prevent the aforementioned reflection 
losses. The optical means is best produced from the window layer 
2 itself. 

Figure la shows the light-emitting semiconductor component 1 
from Figure 1, looking in direction X. The active layer 3 here 
occupies the entire cross sectional area F c (in the mathematical 
example from above, 90000 square microns) of the semiconductor 
component. The light-emitting region 32 has a total area of F L 
(in the mathematical example from above 10000 square microns) . 

Figure 2 shows the cross section of a light-emitting 
semiconductor component 1 as claimed in the invention which has 
been soldered on a board 10, here the power supplies 6 and 72 
both being mounted on the bottom of the semiconductor component 
1. This enables easier soldering of the light-emitting component 
1 to the solder surfaces 101 and 102 which are made on the board 
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10 by means of solder 9. This enables light sources in a so- 
called SMD design, the light-emitting semiconductor component 1 
being hardly larger than a chip itself. In turn, the active 
layer 3 is made flat and the light -emitting region 32 is defined 
by an insulating layer 5 as the light emission limitation means. 

Instead of a lens as in Figure 1, here the optical means for 
changing the exit light beam is a so-called Fresnel lens 42 which 
is made on the effective reflex surface of the window layer 2 by 
means of the process as claimed in the invention by rapidly 
rotating cutting tools or suitable etching techniques over the 
light-emitting area 32. 

Figure 3 shows another soldered LED chip 1 in cross section, 
by means of a power supply 73 current feed taking place within 
the active layer 3. The optical means is a Fresnel lens 43 which 
was stamped on subsequently. 

Figure 4 shows another cross section through a LED chip 1, 
there being several light-emitting regions 33 and 35 with a total 
area of the individual surfaces F L ± representing the total area F L 
of the light-emitting region which in turn meets the 
aforementioned condition for the ratio of F L to the basic area 
F c of the chip and thus the area of the effective reflex surface. 

The height H of the window layer to be transilluminated here 
should be chosen to be 0 . 5 to 5 times the distance A of the 
individual component luminous regions 33 to 35. In this example 
the optical means for changing the light beam characteristic is 
several spherical lenses 44 with a center point which is located 
over the center of mass of each component luminous region. Here 
instead of lenses 44 several Fresnel lenses are likewise 
possible . 

The window layer 2 can advantageously also be a cultivated 
epitaxial layer of a material which is transparent to the emitted 
light. Individual epitaxial layers or also the initial epitaxy 
material, often also called the "substrate" in the narrower sense 
of epitaxy process engineering, can be removed entirely or 
partially in known processes, for example, etched away. Likewise 
it is possible to join mechanically and mainly optically 
different material layers "seamlessly" to one another using 
process engineering, for example by anodic bonding or by pressing 
very flat surfaces onto one another. 

The structures described here can also be produced very 
differently. 

Finally, Figure 5 shows a schematic cross section through a 
wafer 501 with LED chips which are to be separated 505 to 507 and 
which have already been separated 502 - 504. The optical lenses 
41 are produced by the correspondingly shaped saw blade 510 which 
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rotates around the axis 511 simultaneously with separation into 
the surface 508 of the wafer 501. 

The saw blade 510 in its cross section has a thinner part 
512 which runs to a point and a widening part 513 which 
(negatively) corresponds to the shape of the lens to be produced. 
The saw blade can also be shaped such that the part 512 which 
runs to a point is shorter so that a multiple lens structure can 
be made in the surface of the LED chip. 
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Claims 



1. LED chip (1) with a radiation-emitting active region (32) with 
a lateral cross sectional area F L and a radiation- transparent 
window layer (2) downstream of the radiation-emitting active area 
(32) in the emission direction, with a refractive index n s which 
has a lateral cross sectional area F c for light decoupling and 
which has a decoupling surface which borders a medium with a 
refractive index n : . :/ 
characterized in that 

the cross sectional area F L of the radiation omitting active area 
(32) is smaller than the cross sectional area F c of the 
decoupling surface, the following applying 



2. LED chip as claimed in claim 1, wherein the radiation-emitting 
active region (32) is defined by means of limitation of the 
current flow to the surface F L of the radiation-emitting active 
area (32) . 

3. LED chip as claimed in one of claims 1 and 2, wherein the 
following applies to the thickness H of the window layer (2) : 



C being the lateral cross sectional length of the window layer 
(2) and thus the effective reflex surface. 

4. LED chip as claimed in claim 3, wherein the following applies 
to the thickness H of the window layer (2) : 



D being the lateral cross sectional length of the radiation- 
emitting active region (32) . 

5. LED chip as claimed in one of claims 1 to 4, wherein the 
light-emitting active region consists of several active component 
regions (33 to 35) which are located at a regular interval to one 
another, the following applying to the entire area F L of the 
component regions : 
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?li being the areas of the individual component regions. 



6. LED chip as claimed in claim 5, wherein the following applies 
to the thickness K of the window layer (2) : 



K = p • A 

A being the regular interval of the individual component areas 
and p being a factor which can be chosen between 0.5 and 5. 

7. LED chip as claimed in one of claims 1 to 6 , wherein there is 
an optical means (41, 42, 43, 44) for concentrating the 
electromagnetic radiation on the window layer (2) . 

8. LED chip as claimed in claim 7, wherein the optical means is 
formed by a lens (41) with a center point which lies over the 
center of mass of the radiation-emitting active region (32) or by 
several lenses (44) with center points which lie over the center 
of mass of the respectively assigned active component luminous 
areas (33 to 35) . 

9. LED chip as claimed in claim 8, wherein the lenses (41, 44) 
are made at least partially as Fresnel lenses (42, 43) or as 
spherical lenses . 

10. LED chip as claimed in one of claims 1 to 9, wherein the area 
F L or areas F L ± of the radiation-emitting active regions (32, 33 
to 35) is defined by limiting the luminous capacity of an active 
layer (3) to the area F L or areas F L ± of the radiation-emitting 
active regions (32, 33 to 35). 

11. LED chip as claimed in one of claims 1 to 9, wherein the area 
F L or areas F L i of the radiation-emitting active region (32, 33 to 
35) is defined by an insulating layer which is made on or at one 
active layer (3) and which is formed from a material which is of 
limited translucency and/or which is at least partially opaque to 
the emission light of the active layer. 

12. LED chip as claimed in one of claims 1 to 9, wherein the area 
F L or areas F L i of the radiation-emitting active regions (32, 33 
to 35) is defined by an insulating layer (5) which is made on or 
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at one active layer (3) and between the active layer (3) and a 
power supply (6) and which minimizes the power supply or the 
current flow to or through the active layer (3) in regions (31) 
outside of the light -emitting area (32, 33 to 35) . 

13. LED chip as claimed in claim 12, wherein the insulating layer 
(5) consists of a nonconductive oxide layer which is applied on 
the side opposite the effective reflex surface (8) of the chip. 

14. LED chip as claimed in one of the preceding claims, wherein a 
second power supply (71) is formed by the electrical contact 
which does not completely cover it on the effective reflex 
surface (8) or on the optical means (41, 42, 43, 44) . 

15. LED chip as claimed in one of the preceding claims, wherein 
the second power supply (72) is formed by an electrical contact 
which is located on the side of the window layer (2) facing away 
from the effective reflex surface (80 and which is connected to 
the window layer (2) . 

16. LED chip as claimed in one of the preceding claims, wherein 
the second power supply (73) is formed by an electrical contact 
which is connected to the active layer. 

17. LED chip as claimed in one of the preceding claims, wherein 
the power supplies (6, 71, 72, 73, 74) and/or the insulating 
layer (5) are reflective to the emitted light. 

18. LED chip as claimed in one of the preceding claims, wherein 
the reflection means for the emitted light is formed on the side 
of the active layer (3) which faces away from the effective 
reflex surface (8) in or on the window layer (2) or the active 
layer (3) . 

19. LED chip as claimed in claim 18, wherein the reflection means 
is a Bragg grating. 

20. LED chip as claimed in one of the preceding claims, wherein 
the window layer (2) and/or the optical means (41, 42, 43, 44) is 
at least partially provided with a jacket which is transparent to 
the emission light. 

21. LED chip as claimed in one of the preceding claims, wherein 
it is a light-emitting diode (LED) . 

22 . Process for producing a lens structure on the surface of a 
light -emitting component, especially as claimed in one of claims 
1 to 24, 

wherein 

the lens structure (42, 43) is shaped by means of a cutting or 
sawing tool or etching process from the light -emitting component 
(1) and into the outside surface (8) on the outside surface (8) 
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of the light-emitting component (1) intended for light exit and 
passage . 

23. Process for producing a lens structure as claimed in claim 
22, wherein a spherical lens (41) or a Fresnel lens (42 , 43) is 
produced as a lens structure. 

24. Process for producing a lens structure as claimed in claim 22 
or 23, wherein the lens structure is produced by a sawing (51C) 
or cutting tool and in the separation of the light -emit ting 
components still located in the wafer array. 

25 . Process for producing a lens structure as claimed in claim 
24, wherein the sawing (510) or the cutting tool has a narrow 
part (512) for separating the individual semiconductor components 
(502 to 507) from the wafer array (501) and a part (513) shaped 
according to the shape of the lens (41) , for producing the lens 
(41). 
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Fig 4 
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than the cross-sectional surface of the window layer (2), which is made available for disengaging the light. The invention also relates 



Oman 
» to a 



method for producing a lens structure on the surface of a light emitting component 



[Fortsetzung auf der nachsten Seite] 
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BE, CH, CY, DE, DK, ES, Fl, FR, GB. GR, IF, IT. LI*. MC, Rechcrchenberichts: 28. Murz 2002 

NL, PT, SE, TR). , , 

Zur Erklarung der Zweibuchstaben-Codes und der anderen 

Abkurzungen wird auf die Erklilrungen ("Guidance Notes on 

Verdffentlicht: Codes and Abbreviations ") am Anfang jeder regularen Ausgabe 

•••• mit intentatisxs!cn Rccl:zrctenhcr:ckt <Lr PCT -Gicetia vervicsen. 



(57) Zusaaimenfa*>sung: Di Erfindung betrifft einen Lurnineszenzdicdenchip (1) mit einem strahlungsemitlierenden aktiven Be- 
reichs (32), und einer Fensterschicht (2), wobei zur Steigerung der Strahlungsausbeute die Querschnittsflachc des strahlungsemitlie- 
renden aktiven Bereich (32) kleiner als die zur Lichtauskopplung zur Verfugung stehende Querschittsflachc der Fensterschicht (2) 
ist Weiterhin bezieht sich die Erfindung auf ein Verfahren zur Herstellung einer Ur&enstruktur auf der Oberflache eines lichtemit- 
tierenden Bauelements. 
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